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(54) NON-AQUEOUS ELECTROLYTE AND SECONDARY BATTERY USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a non-aqueous electrolyte that suppresses reduction 
decomposition of electrolyte at storage in high temperature and restrains deterioration of battery 
property and that gives superior load characteristics and low temperature property to the battery, and a 
-secondary battery containing this non- aqueous electrolyte. 

SOLUTION: In an electrochemical cell which uses the basal face of high orientation pyrolytic graphite 
(HOPG) as a working electrode and metal lithium as a counter electrode for a reference electrode, and a 
non-aqueous electrolyte as an electrolyte, a non-aqueous electrolyte made of non-aqueous solvent and 
electrolyte having a strength of 200 uA/cm2 or less of reduction peak appearing between 0.6 V-0.3 V at 
the first cycle that sweeps potential of the working electrode at the room temperature at a speed of 10 
mV/sec. at 3.0 V-0 V-3.0 V is used and a non-aqueous electrolyte secondary battery using this 
electrolyte is provided. The desirable manner of the non-aqueous electrolyte is that vinylene carbonate 
and an additive that suppresses specific reduction decomposition reaction of the electrolyte happening 
on the negative electrolyte are contained. 
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[0 0 5 3] gtTKSJft 

fc — 7tf*-K t D U>^i— Ttf*- k 1,Z-?f 
#*— k 2. 3 - k 1. 

2 - ^>fU>2) — k 2,3- 'Of — 

h. r-^fa^ h>. 3-y f ;u-r-:?f p^ 

h i: ^P tf tR*— htfWSUxftffl 

f #*- h*<»*Ll\, 
[0 0 5 4] Clai&attxxf ;ui*2«ju±S* 

fU ht^PtfL/^- h. xfU 
— h<t:7f — k xf U>*.— 

hi: r^P^nx xf 

a_ jfl*— hfcl. 4 h>. xfu>2j — 

;u h>. xf #*— hi r?fD5* h 

1, 4-^£>7JU h 

[0 0 5 5] *«W©«»»f=*5L^T. «a»tt<D«I± 

Wizi** v>f;nfc— k ^f;nf;u*-#* 

— k vifj^-^-h, >f;u:7p fcfju*— 

— k >f;iW V^p t:;u*— k y^DtW 
— #*— k ;*f ;u:?f ;u*j — k — 

k x^;u^p tf;u*i — k ^f;uh'J7 
;u*DX^iU*— htti:3b<»lf 6*t*. » 
jgAMSuv .y>f ;ua — h v ^^;nf^*-# 

k 's?xf^*-#*- htfJtfjgKttJBSti&e - 

*ib«*K»ixfjuj 2 aia±a* Ltffffl l x t, * 

I*. 

[0 0 5 6] **il»oilttB[Bxxf^tl*Kitx 
XfiKDii&ti Lt.«#Wi:tt, Xf u>a— 

hi: v>fJU* — k xf — hi:* 
f;nfjl*- h. xf u>*j — #*— hi: vx 
fiU*— k xf tK*— hir^Pt°U> 
a— hi:*;** n,*— Ttf*— h, x* # 

h t Zfo t?'l/V*-**- hi:* f/l/XfM- 7p 
k X* hii^P fcfU>*— #*— 

* * ;ua— h <t * ^ji/Xf;^- xf 
L/>a — h t h i: vifi^ 

— k xfu>*— /P*— hir^P fcfU>a— *B 
hi: v*f JU* — tR*— h i: * f^xf;i/*- tR* 

— k Xf U>*> — hir^P h 



i: v*f;U* — Hi5xf^*-**- k x* 
U h i: ^P tf hi: * f ;ux 

^*-#*-hi:5x^ * h ft if If £ 

[0 0 5 7] a«x^-ryui:««j«|fcx^T-ju&'E*r 

*a>a;»i*, msJtT-SLT. TOissittxxf 

: ittXXfM<5 : 9 5-80 : 2 0. »* L < I* 
1 0:90-7 0:3 0, J 5l:»*L<l*1 5:85 
-5 5: 4 5T?.fc6, o ftJt*L|C? & - i: d J: -3 

[0 0 5 8] **^lX«*3-&#*Ll^**«tt. 
x^^;ufc < fct//*fc(i||tt±^T-;u$$;t?-tia>-C& 

[0 0 5 9] *»Wlc«£|M<«#».-ei*. **»JKi: 

HtfcLTtt* m<*^lci*. 4§^>^;u. «»xf;k i5 
^^Pt e ;u. »»**JW WfM*T)i<. RS?Dif;k 

;u. BttyfJk h'J7^DitBxf;k 
;M-nR»>^;i*. ft»h'J7^tPxf;k ^nt°t 
>S h U 7;ixtPXf;u^(!:(Dittxxf;k: y >8> 
y^^iU. 'J >» h U xf ^fj: ffl) 'J >»ixf Jl/ : 1, 

x— f;u % v> f^x-f Jk yf^xf;n-f;k 
y?ntfw-f ;uaif(7)ffi«x-f ;i, : 1.4~v^-^i^ 
1,3-v^-^V^>. f h7tKP77>, 2->f;u 
f h7tKD 77X 3-> f ;U-1, 3-vt^rV7X 2- 
> f ;H . 3- vt ^ V 7 >^ ^Uttx-f Jl/ : v^f 
;U7t*;UATS h\ yXf;i^t^A7S K^i:a)7 5 K ; 
^f ;u-N,N- ^f;^-/\V->, h'j7;utpx 
f ;u-n. N-vifj^-/\>- htt&'ttMttJj— /< 
^— h : X;U7p^>aif<7)attX;U7^> : N - > f ;U^" 
^7'Jy/^^H«^-/^-h : N- >fjl,t 0 
P»J K>ftifCDa«TS h* ; N.N - y>f;W5?l/'J 

h«J>f;u. I5 5^h'jxf;u. Uoih'J?^ 15 
58h'jt^f;k 15 5^ hy hy *=f- ;u*>y;u*o« 

[0 0 6 0] ^^B^TMi. «5t!l©lSaStt(Dlpl±$ffifpl 
■T«»«0#**»G>»*LL^Ii^*to-&4:LT. 19 SB 
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LTI*. if — ht^PtfU> 
a— tK*— K if tP*— h£:?f — # 

f u>*-7t-c*- ht^n tf u>rt-7t-;*- vtr?* 

U=50 h>. If U>*J-^*— hit 1 . 4-7$>X 

h>£ 'J >1£ h 'jXXf^k If L/>*-t^-hi:r 
:7f F>^Jl/^7> v if — Tft^.— ht 

JlDliSfiitT? 2 0 %lUTIz^JPR-r 4 C ^ 
[006 1] !Mc«»ft 

hit HO PGm^-hCD^— y-;U®lC^BS-T40. 6V- 
O. 3 VC0^lx?ltt4il7ct c — ££*raT4;£ftD#J<h^ 

[O O 6 2] tt«X0#|{*0!l£ LTI*. LiPF6. Li 
PF3 (C n F2n+l) 3- L1BF4. LiCl04. Li As 
F6. LI2S1F6. L1C4F9SO3. LiC8Fi7S03^f 

n^'Jf ^Ai&t{£ffi-r£C£7b<-C*££o LiOS02R 
8. LiN (SO2R9) (SO2R10) s LiC (SO2RI 
1) (S02R12) (S02R13) - LiN (SO2O 

R14) (S020R15) R8~Ri5i^ SLMc 

[0063] d;K£(D-5*>. LiPF6. L i P F 3 

(C n F2n+l) 3* LiBF4. LiOS02R8. LiN (S 
O2R9) (SO2R10) - LiC (SO2R11) (SO2R 
12) (SO2R13) * LiN (SO2ORH) (SO2OR 
15) *<»*Ll*. Sfcl-I*. L i P F 6 x LiBF 4 a<M£ 

[0 0 6 4] ZCD&oteMf&mt. O. 1~3^U/'J 

^ h;i^ $?£L<i*o. 5~2^;u/'j-:/ h;ua>»K-c 

[0065] VL±<D&5u*§tw\zmz>nfcmM}&\z* 

[0066] n^m^ 



£0 

[0 0 6 7] ft«£«J5fc-f 4A«S«aK£ LTI*. -ftfl( 

K-^r«CfcA«Rlffi<tK*«». 'Jf K 

b^o cix&o^T-tiUf K-7-ISK 
-^-r4Zt^Hrte<j:K*»»*<»*U^. CO J: 5 ft 

^3 — /K >"7*Y £ p fcf— X. -^StJMBtt if *</B l>b^o 
[O 0 6-81'MSM^: It. W=Xl»*«-ea3EL 
t~ (0 O 2 ) ® (DSFpIPI (d002) 7b<0. 340nm 
JaT(Dtt*»*4*<»£L<. 70g/cm3 

[0 0 6 9] jE«*«fit-r4jE«S««i: Ltd Mo 

S2. t i S2. Mn 02. v205U£<Dm&.&mmty* 

*fcli51»*JK»^b«!l. Li C0O2, LiMn02, L 
i M n O4. L i N i 02* L i N i x C ° (1-x) 02&£f 

7KUf^-^x>. 7Kgt°p— ;u. jfCUT-trf u 
7tfM7-tz>. v^^^hfTvT^/^'JT 

ctLbO^Tt,. ttlzUf OA*a»ftM 
*BMb1S*<ff L L^ 0 mfii *>< 'Jf 0 fc: 14 U f O 

[0 0 7 0] -b/<U— ^lijEatfi«*««Mlc|6«L 

tL4o 4 >y 4 )VJ*tf&*L 

<. *(*Wlc«^7Ltt7KUif U>7-f ;UA % £fl.14# 
■J zfu t°u>^-<;uA. £t~li£?Lt£cD/-pJif 

[0 0 7 1 ] ca)J:5 3SI^*«»jax*«;flili. 

H4o 
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[0072] R«a*7Kft»ja-*«*^*« 

IE«lll«»lciEaS«BJlSJ6«LTtt«jEai:*. IEtK 

[0 0 7 3] .*fc % *4Mi=ff«Jt**)1(*:i**» 
a-f>a«*"eit R«*ftS, -b/<U— R 

[0 0 7 4] 

[0 0 7 5] **Wl::fcL*T, XBRttMADVIMB (■§ 

^hopg) *«sf*ffl«i:bfccvai3ettTiEa>»a 

HOPG»«ggffl-LfcCVgHS 

CV3B3EI*. f^ffl«ICHOPG -b^S 
=3— tKu— *>a >ttSi STM-1?U-K$«E 

ffl) '(DSBBS (0>5mm) aa-e"fc*#K«ici** 

£>-fe;U£. CVjfldSS (solartoron1286 electrochemic 
al interface) |COft«f, W. : ,& (2 5°C) ©*ttTt.l 
3S«&5USSl7ofc 0 Li/Li + fl) 
LT\ 3. OV-0. OV-3. 0 VIC ft 
y»*-«tt»5l1M^ufcLfc. C(D.«tt»5l-y--f 
J 1 OmV/s e cttaS/STfrlv 3K*i<537tfll3E£ 3H 

[O 0 7 6] UtttflM) X^U>*» — h (E 
C) tlf^f^-^-h tEMC) cPMMtt: 
(4 : 6) 1mol/IO)LiP F 6 £j§ 

-Cfc'&o COCVjRISBlCfcl^T* 0. 9-0. 6 V \Z 
W.fa>£>Mfc fc° — 0 liHOPGOx^ vlcjSB*5" t° — £ 
■CfcU. 0. 6-0. 3 VfcHtl^iiTctf— $l4HO P 
G -tf-JWriBBt" * tf— $ Tfc €> o 
[0 0 7 7] (ht$50lj2) 7 'yXPWR&lZ 
— h (VC) £ 2M%S&ftDLt=«#»0*— 

-f ^/ugOC v3H££1?of=. B2I4^-CT)*£3I£;fL 
fc^lT'fc^o IO)CV«SBi:fe^t, 0. 9-0. 6 

viz3H*L4ig7ce— 57-*</h* < ttyfflMStiTL**;:* 
3^»^4*^ o. 6-o. 3 v \zmti&m7t\i—o \z± 

[0078] (Hffi^ji) 7=5 is <?nmmz* 



fe -5) o 

[0 07 9] (5IS60IJ2) 7.9>9XtfjKlCm v>if 

fc«K»a)«--9--f ^;ua©cvas$frofc. 114 14 

^0$£m£^L7rBT*fc& D 

[0080] immm3) nutm-* >-t? 

S— tr*f£;ugCDC V^Sfrofco B5l4*c7>tsm£ 

(*Hfi«4) ;u7f-:;u^>- 5, 6 - 

i?rt;utf i a«%*»Lfc«#jaa>»-tf 

-f ^ ;ug CD C vaSSffofco B 6 *<BI«SS£^ Ltc 
B"Cfc&o 

f»aa>»-'-»-f * a>c v jH^sfrofc. b 7 i4S£^i 

^^LtrBTfe^o 
[<b6] 

U%iJ0 L fc«««(DJB— <? )\> S <D C V 
«^S*7-3*:. B8l*iB*S*LfcBl?fc« 0 B4-B 
9fZfclNT\ l^-Ttl^O. 6-0. 3 VlC^tL^il7C tf 
— 0 0 u AXc m2iUT(cfqi^j$tiTfcy . tf — 

[008 1] (HS6«7~ 1 0) 

<3^7K««a©H«>x^u>*— h (EC) £ 
>^^X^;U^— /K*— h (MEC) EC:MEC 

= 4: 6 (Msjt) c^^j^r*;g^L. 2uznmnv&*> 

• L i PF6*3f L. ISIM^L O^E 

[0 0 8 2] <Jia©flE«>^«llliB- (*'«*»«LF 
-18A) 8 7mmUt&mmCD7$*)7yittZ->)T> 
(PVDF) V3li»ja^L, iSSION-^f^t 0 

flfssa>ftajii*<*icit-«L. frffir&m 
x«*»«a*»fc. c(D35«jiMB«a«:*a)»*tti 

1 0;^D>, S5I42 Omg/$ 1 4mm|:^^ c 
[0083] <L i Co 02®a<7)f^S!> L i C o O 

2 (*SFMCifv-y7fAX (ft) fi HLC-2 
2) 8 4M«£. *«#J<&IMB9. 5SSgn^l/T-tz 
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LiCo02^7'J-JIH!lLfc. C 
<DL i C o 02dSJX^ 'J — SIS 2 0 £ 5 P XDT^U 
Ssgdgtfu ttfl|*-fr. EMSL, 3mm 

l i Co02m*ii£fES!-f 3p :ol i c 
o02^S9a>ff*.l*9 0 5*Q>. iili40mg/cp 
1 3 © 

[0 0 8 4] <«*<Dft3H>ltai 4nroa>^*SSfB« 
8L IS 1 3 mm(D L i C 6 0211*1. ff$ 2 5 // rru 
Ig1 6m.mO«*fL14* , J t'b^^^^bt 

aiftwi-* ^£*nfam*i-t^u— £ — > l i C002I 

"»«0. 0 3ml$aAL, 7VI/S--5A»G)« (IS 
1. 2mm. KSV6mm % fc£ / £*Uft Lfc. S 
tK'J ^p tfl/>8(0^^^ KS^LT. mftlfr 

82 0mm. SS 3. 2 mm CD =J -f ttS L 

fee 

[00 8 5] <HftffBto)aBtt«*(Diii3e>«raio' 

mA^m;lit4. 2V^lE0)^n\ 4. 2V5t«flE<D- 
B^CDBgEffi^O. 0 5mAl:64*t*a*l, -t0>»* 



imAga3[3." 0vSlEa)^T\ 3. 0VS1E 
<DB*6«3K1itA<0. 0 5mA|:ft4^»tLfc B a 

^OtaiJ1mASia3.. 8 5VStEOfttt 
T% 3. 8 5 VCVEO)tta>VXflL3b<0'. 0 5mA|:ft 
S^T'ftmLtcp *0>8L COmift^. 4 5°C(D(1;S 

[0 0 8 6] l-i/^ftC3. 0V*tfttLSS8 
**3H«Lfc. COBS. «5ft<Des»«tt*afe-r*B« 

fee *a»(D«»5a(Destt**iw»-r4tt**aBtt 

[0 0 8 7] <gB^S»O;|ij^:^m>llj560>JfC^ffiL 
fc*tt«£«-'SBtt«*<D»£fift«9M l=«Lfc. 

*f»«L,-aB***a>«a>aii3E*fT?fc-. 3Sft£a 

1I:^U:c 0tttfl4) JtES8JS«7(cfc^T. HE* 
«»«<Z)glSS<DIBir. t*— h£ 1 . 5w 







% 


VC 
wt % 


wt% 




1 . 3 


x t: d *!> J jvtfAzuitfluic c « < K 
0. 2 


6 9 




1 . 0 


0. 5 


6 9 




1 . 3 


0. 2 


6 e 


mmm 1 o 


1 . 0 


0. 5 


7 1 


tt««3 


0 


0 


10 0 




1 . 5 


0 


7.6 



[0 0 8 8] JsLta>eftfrfc>. **B^(Dm«ai4. tf- 

h*a«fc y tiStLfeaBttVfftUk'jR* 
sfU ji«Jt-ca>«l»aa)«»»iiiA«j:yi^o*3«i«i 

[0 0 8 9] 
[■BCDMJILttlBn] 

[urn tttt«i©^^>^««aico^T. jk— 



[112] it««2(D^^>^*»«^oi^r. S— »-f 

^ ; U § CO c V ;!"] fi US ft * * L fc HI T* fc 3 „ 
[113] HMHOTOcol^, 

[114] *Jfi#]2(Z>m##l::o^T. aS— «--f ^iUB<D 

[d 5] HJ601J 3 (Dnm^-o^x. n—*<< <?j\,bo>- 

[16] M6«4a>«»«l::-Divc. «-^-f^;uB© 

[H7] mmmsconnmiz-D^x. as— *-f *;ub<d 

C V;li|^Sm^^Ltcl)T'fcSo 

[18] RJfi«6©*lBaizot^r. s— !M ?;uaa> 

C V 3D ft ft £ L tz m T* £> 4 o 
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<J#Iia 2 0 0 2- 1 5 8 0 3 5 



'[HI 1 




'[H2] 



50 




*<4.V (vs.Li/LH) 
H2. VC 2wt% fttt] 
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[13] 




-1000 1 : ■ : 1 : : — 

V (v»JJ/Lr+) 

H4. >^>K>-lf>vX;U7K>Btt?>^JU 1. Q9b 
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198. VEC 1% 
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F£-A(#%) 5H029 AJ01 AJ04 AJ05 AJ07 AK02 

AK03 AK05 AK06 AK16 AL02 

AL06 AL07 AL08 AL12 AM02 

AM03 AM04 AMOS AM07 AMI 6 

BJ02 BJ03 BJ04 BJ12 BJ14 

DJ17 EJ11 HJ01 HJ04 HJ14 

HJ16 HJ17 HJ18 

5H050 AA06 AA07 AA10 AA13 BA17 

CA02 CA03 CA04 CA05 CA07 

CA11 CAM CA15 CA20 CA29 

CB02 CB07 CB08 CB12 DA09 

EA21 EA25 EA26 FA19 HA01 

i HA04 HA13 HA14 HA16 HA17 
HA18 HA20 



